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Abstract. Background/Aim: We present a novel multifaceted, internationally adaptable course curriculum
blueprint, which provides holistic surgical education at the
undergraduate level. Materials and Methods: The Integrated
Generation 4 (iG4) course (Essential Skills in the
Management of Surgical Cases – ESMSC Marathon course)
curriculum consists of four essential learning components:
core skills-based learning, case-based discussions, basic
science workshops and soft-skills. These are all clustered in
a specialty-led network architecture. Every cluster consists of
modules from the four learning cores, while network nodes
are modules that are mutually shared by more than one
clusters. Results: We produced a standardized blueprint of 50
modules based on the 4 learning cores, covering 9 surgical
specialties. This resulted in a curriculum map where every
module is described using 3 parameters: χ axis (skills
component), y axis (knowledge component), z axis (specialty
component). Conclusion: iG4 proof of concept sets the
ground for a novel, reproducible and standardised effort to
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produce a portfolio of undergraduate surgical skills serving
the vision of holistic surgical education.

Simulation-based learning (SBL) is one of the backbones of
surgical education (1). SBL itself, is considered as a tool to
convey knowledge and/or skills, and its application varies
depending on the desirable learning outcomes. Further to this,
SBL encompasses a broad-spectrum methodology targeted to
cover different skills or knowledge. This can vary from
simulated medical scenarios using SimMan to computerbased dry lab simulation, virtual or augmented reality
simulators and cadaveric or animal-model wet lab settings.
On the other hand, most surgical course curricula use a single
SBL technique, they are built to run using a pre-defined
infrastructure and are focused to cover a relatively narrow
spectrum of learning outcomes. However, modern surgical
education is shifting to achieve a more holistic model, where
emphasis is given in both technical and non-technical skills
as well as basic science and applied surgical knowledge (2).
Focused course curricula for undergraduates are designed
to cover either a small group of technical skills or a short
spectrum or non-technical skills in a fragmented manner and
majorly disjoint from the required basic or applied surgical
science (1). Moreover, the vast majority of these courses are
built to run in a local educational facilities’ setting and lack
global generalizability. Notably, these efforts are focused to
cover elements of a single specialty and fail to provide a
helicopter view of Surgical Science in general. This restricts
students from being exposed to different surgical specialties
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simultaneously, and results in a fragmented view of Surgery,
which could potentially negatively influence the overall
motivation towards a surgical career. And last but not least,
securing funding for any educational activity especially in
the context of a global economic recession, can be a massive
challenge; and this explains why several Medical UK
Schools have decided to shorten or even withdraw, hard-core
surgical rotations in their curricula (3).
To address this, we developed a multi-faceted surgical
course which aims to provide holistic surgical education for
the essential surgical specialties, tailored for the
undergraduates (1, 4-6). Our course curriculum encompasses
research methodology in order to continuously evolve and
support adaptability in a global setting. In this study we aim
to describe in detail the blueprint of fourth generation of the
course curriculum (iG4), as a global adaptable educational
model for holistic surgical education.

Materials and Methods

Essential skills in the management of surgical cases – ESMSC
marathon course. The course concept and curriculum evolution
have been previously described in detail (1, 5, 6). In a nutshell,
ESMSC is an international bi-annual SBL course which combines
small group teaching with mixed fidelity in vivo, ex vivo and dry
lab simulation. The primary curriculum pillars are set to provide
holistic multi-faceted surgical training in most of the surgical
specialties using an internationally adaptable infrastructure. We
perceive as “holistic surgical education” the provision of all the
essential elements that are necessary for the modern surgeon as
described by the Royal College of Surgeons (RCS) in the recent
“Future of Surgery” (7); this includes technical, non-technical skills,
basic science and applied clinical knowledge. Adjacent to this goal,
ESMSC aims to inspire and motivate towards a surgical career and
provide research opportunities through a novel research training
network (8). ESMSC curriculum has undergone a continuous multifactorial evolution and its current form (Cores Integrated for
Research – Ci4R) has been previously described (1). Ci4R consists
of 40 modules which are split in the 4 aforementioned cores
(technical, non-technical skills, basic and applied clinical science).
In this manuscript, we present the forthcoming curriculum blueprint,
the iG4. This is primarily built on the previous 4-learning core
model, and on top of that, it encompasses a three-dimensional (3D),
specialty clustered curriculum design which serves the target of
“holistic education” and enhances international adaptability.

Ethics. The ESMSC application of ethical approval met directive
63/2010, PD 56/April 2013 declaration, according to local policy.
The license reference number is 4857/15-09-2017, MS, AP et al.

Integrated generation 4 curriculum description. iG4 is based on 3
pillar axis x, y and z; “x axis” represents knowledge, “y axis” skills
and “z axis” the essential surgical specialties. Any course module
can be prospectively designed using the 3-axis pillar architecture
(3D clustered architecture). This means that any module can have a
unique and standardised description using the χ, y, z parameters as
discussed thoroughly below.
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“χ axis” – knowledge axis. “χ axis” can be perceived as a
continuous line which includes modules that are primarily aimed to
transfer knowledge; this can include basic science modules or
applied clinical science or a mixture of both. The modules are
classified in sub-group areas of this axis in a logical order from
basic science to applied clinical science (Figure 1). We defined as
“heterogeneity χ” an arbitrary parameter which reflects how
heterogeneous are the relevant educational objectives (knowledge).
More specifically modules that contain educational objectives that
are purely basic science or applied clinical science-related, are
classified as homogenous. If the educational objectives are mixed,
then those modules are classified as heterogeneous. Heterogeneous
modules are further classified to “mildly heterogeneous” (<20%
mixture), “moderately heterogeneous” (20-40%) and “highly
heterogeneous” (40-50%).
The χ parameter of each module is placed on the “x axis” on an
ascending heterogeneity order starting from the homogenous basic
science modules and progressing to the heterogeneous modules and
finally to the homogenous applied clinical science. The transition
for each category is defined by a defined point on the “x axis”
(Figure 1).

“y axis” – skills axis. “y axis” can be perceived as the second
continuous line which includes modules that are primarily aimed to
transfer skills; this can include any range from technical to nontechnical skills. The modules are classified in sub-group areas of
this axis in a logical order from technical to non-technical skills.
Similar to “χ axis” we defined as “heterogeneity y” an arbitrary
parameter which reflects how heterogeneous are the relevant
educational objectives (skills). The modules are placed on the “y
axis” on an ascending order from purely homogenous technical
skills modules to a mixture of technical and non-technical skills
modules and finally to purely non-technical skills modules (Figure
2). Identical to “χ axis”, heterogenous modules are further classified
to “mildly heterogeneous” (<20% mixture), “moderately
heterogeneous” (20-40%) and “highly heterogeneous” (40-50%).

“z axis” – specialty axis. “z axis” can be perceived as a third
continuous line (Figure 3) which includes in an ascending order
(groups z1-z6) all the surgical specialties that have been
incorporated in the “ESMSC marathon course” curriculum. This
was set on the assumption that we can classify our included
specialties in 6 groups; the abdominal and vascular surgery (z1
group), chest surgery (z2 group), head, neck and plastics surgery
(z3 group), neurosurgery (z4 group), orthopedics surgery (z5 group)
and Interventional Specialties (z6 group). We defined a third
arbitrary parameter, the “Affinity z” which reflects how familiar are
the educational objectives of each surgical specialty; the overall
clustering of these is reflected in the 6 aforementioned groups
(z1-z5). “Affinity z” can have 4 values 0, 1, 2 and 3. “0 affinity” is
defined when the module is specialty specific with no applicability
to any other specialty (i.e. intracranial bolt insertion). “Affinity 1”
is when the module can be applied to one more specialty, “affinity
2” in 2 specialties and "affinity 3” when it is generic (i.e. suturing
skills). This results in a continuous line z (Figure 3). Each module
can be placed onto a group (z1- z6) if the affinity is 0 or 1 (cluster
module), between groups if the affinity is 2 (intergroup modules)
and in the middle of the axis if the affinity is 3 (generic modules).
In certain occasions, a module can have affinity 1 with a specialty
from a different group; these modules are placed in certain spaces
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Figure 1. χ axis (knowledge).

Figure 2. y axis (skills).
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Figure 3. Z axis (Cluster axis).

of the z axis in between the 2 groups (z1-2, z3-4, z4-5), or prior or
after to “generic modules” group (z2-3i and z2-3ii) (Figure 3).
“Generic modules” form an independent zG group, which is the 7th
group (Figure 3). Therefore, a module can be classified in one of
the possible spaces z1-z6, z1-2, z2-3i, z2-3ii, z3-4, z4-5 or zG. We
did not define a z5-6 space as Interventional Specialties Skills were
considered as homogenous, however, this can be modified in the
future if needed. These spaces are named as “specialty clusters”.

requires a wide range of knowledge and skills and reflects
the most accurate representation of the real clinical practice.
Following (χ, y) mapping of the module, the next step 6
is to try and categorise on the z axis. The process has been
described in the previous section and it includes the
definition of “affinity”. This results in allocation of each
module in one of the pre-defined clusters.

Prospective module design: a step-by-step guide. The 3-axis
allows a prospective systematic set up of any module in the
course. Each module should include a knowledge
component (χ-axis) plus or minus a skills component (yaxis) and be classified in one of the clusters (z-axis). The
first step includes the identification of the learning
objectives of each module. The second step includes the
classification of the learning objectives in knowledge and/or
skills. The third step goes into more depth to subclassify the
learning objectives into basic science or applied surgical
knowledge or mixed; equally to subclassify the applicable
learning objectives into technical or non-technical skills or
mixed. The fourth step is to further define the
“heterogeneity χ” and the “heterogeneity y” of each module.
“Heterogeneity χ” is applied purely on the knowledge
related learning objectives and, respectively, “heterogeneity
y” on the skills related learning objectives. If one of the
educational components is not applicable (skills or
knowledge) then the module is classified as y=0 or χ=0,
respectively. Proceeding to step 5, this includes the mapping
of the educational modules in a (χ, y) 2-dimensional system
where a clear helicopter view of the educational objectives
is possible (Figure 4). Figure 4 indicates how a module can
include any educational objective component and also, how
heterogeneity reflects the direction of the module. Modules
that are in the middle of the graph combine most of the
possible categories of educational components; a classic
example of those is the hyper-realistic simulation which

Interpretation: the role and advantages of creating a complex
3D clustered curriculum map. Prospective systematic design
of the course modules results in a unique 3D identity for each
of them (χ, y, z). The addition of the z axis allows a
harmonised cluster division of the course curriculum. This,
results, in theory, in 12 clustered components of the course
curriculum placed on a 3D axis system; each of them
including all the essential educational objective components
(knowledge, skills). The application of three possible metrics
(heterogeneity χ, y and affinity) allows further internal
harmonization of the learning objectives in order to achieve
autonomous and educationally effective 3D clusters. In simple
terms, each 3D cluster can be an autonomous and purely
independent curriculum. Although we have not measured the
educational effectiveness of each cluster, this will be possible
following prospective validation of the novel curriculum. On
top of that, measuring the predefined heterogeneity and
affinity metrics, this can provide an independent objective
marker for the course itself.

Results
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Discussion

How a 3D blueprint can serve the idea of holistic surgical
education? Clearly the “ESMSC marathon course” has tried
to achieve a very ambitious goal: to introduce undergraduate
student in the novel concept of holistic surgical education and
inspire them towards a career in any surgical specialty.
Besides the running cost, which undoubtedly remains an issue
in any educational effort, ESMSC had to face 2 primary
challenges. The primary one is mainly described by the RCS
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Figure 4. (x, y) axis plotting representation.

in the “Future of Surgery” (7) and this includes the increasing
need to accomplish the modern surgeon with a huge spectrum
of skills (non-technical and technical) and knowledge (basic
and applied clinical science). The second one has been the
unanimous effort to include all the basic surgical specialties
to maximise synchronous exposure to a wide variety of
modules which could result to a helicopter view of “Surgical
Science” in general. We perceived as “holistic education”
those two aforementioned challenges and therefore identified
the need to develop a novel curriculum architecture; this
would have to be precise and internationally adaptable.
A prospective systematic methodology in modules’ design
based on a (χ knowledge, y skills) and further subclassification based on two objective metrics (heterogeneity
χ and y) can ultimately harmonise and maximise the
spectrum of the ESMSC curriculum, and hence face our
primary challenge. This has been the primitive vision of the
Ci4R curriculum which is the current version of the
curriculum. Further to strict metrics introduction and (χ, y)
mapping which has been one of the core elements of the iG4,
the introduction of a third parameter in the module design (z
axis) and a third metric (affinity) allowed a further
systematic set up of “clusters” which reflect a specialty-led
split of the course curriculum. This is promising to address

the second challenge which is the incorporation of a
harmonised multi-specialty curriculum.

iG4 – Can this be the basis of a global course design
blueprint?. Besides facing the two aforementioned
challenges, the iG4 concept has a huge potential to drive
surgical courses to a novel era. Currently, most of the
modern learning and teaching in Medicine follows the
principles described in the relevant study of David Prideaux,
who scrutinised the essential curriculum design elements (9)
in order to reach a curriculum map.
Further to this, in our previous systematic review (1), we
synthesised all the available “know how” to conclude to a
“set up” framework guideline for undergraduate surgical
courses. This incorporated 3 parameters including landscape
(existing curriculum/ specialties need addressing),
participation (target audience, recruitment, duration of
training) and design (curriculum options, additional
intervention, method of assessment, timing of assessment).
The vast majority of the existing evidence to develop this
framework has been low quality and lacked adaptability.
iG4 comes as a novel approach to address curriculum
design. iG4 can support complex landscapes (specialties
included) and curriculum maps. The introduction of 3D
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clusters can synthesise and harmonise a huge variety of SBL
methods (wet, dry cadaveric simulation) and educational
interventions (didactic lectures etc.) allowing complex
educational goals to be achieved. In other words, iG4 can
facilitate composite educational interventions allowing room
for evolution and further adaptation of any novel curriculum,
based on both the predefined educational metrics as well as
the subjective feedback element of participants and faculty.
Besides facilitating composite and wide educational efforts,
iG4 can also allow “fragmentation” of big courses in small
harmonised clusters which demonstrate affinity. This results
in providing opportunities to conduct safely and effectively
part of the ESMSC course, and not the whole syllabus,
which can reduce cost and allow further adaptability to any
educational setting across the world.

Ci4R versus iG4: a stepping-stone transition. Our efforts to
augment and optimize simulation-based surgical education at
the undergraduate level began with the introduction of ‘Cores
Integrated for Research’ (Ci4R) curriculum, a surgical
curriculum reviewed and accredited by the European
Accreditation Committee for Continuous Medical Education
(EACCME). CI4R forms the skeleton and overarching guide
for the ESMSC Marathon course. ESMSC combines a
melange of simulation modalities to achieve a unique surgical
educational experience. The main driver behind the Ci4R
creation was the changing surgical landscape, requiring
surgical trainees with the potential to adapt and evolve at times
of healthcare reforms, mounting cost-pressures and reshuffled
skillsets. With 4 years of positive feedback, and outcomes
mapped onto a successful progression towards a surgical
career, the curriculum evolved into its latest version: the iG4.
iG4’s specialty clusters, as opposed to Ci4R, rely on a threedimensional educational model where different specialties
form their own unique layers called clusters. The importance
of this major transition from Ci4R to iG4 is manifold. Firstly,
from a research perspective, this forms a unique platform upon
which one can evaluate educational interventions for specific
specialties to optimize knowledge and skill transfer. Secondly,
this allows for the introduction of new modules in ESMSC in
a systematic way that the course curriculum remains
unaffected and homogenous. Lastly, iG4 allows for a more
complete immersion in specific specialties such that students
are fully exposed to individual surgical specialties. According
to Gelder et al. (10), career choices are usually the product of
three elements: longstanding interest, exposure to the job and
working environment. The iG4 design, not only allows for
isolated consideration of surgical specialties when it comes to
choosing careers, but also helps students add a new unique
dimension in their decision process: the structured and holistic
‘feel’ of the specialty – an element not reproducible via current
medical school curricula, whilst maintain a broad appreciation
of surgery and its various fields.
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Limitations. We recognize a series of limitations in this
concept. Firstly, this model is a theoretical description and
further prospective evaluation is planned within the next 24
months. Secondly, although certain heterogeneity metrics
have been applied to prospectively design any novel module,
we are yet to release formal metrics for the educational
effectiveness; this is going to be part of the prospective
evaluation of the course, as well as part of a dedicated
evidence synthesis project on assessment methodology.
Lastly, iG4 application will provide with important feedback
and some further minor adjustments may be applicable to
meet its initial vision.

Future endeavours. The iG4 concept is built from a
mathematic analogue which enhances its initial aspiration for
introducing measurable metrics in composite curriculum design
architecture. The short-term plan for iG4 is to code all the
current modules on the (χ, y, z) 3D axis model and collect
multiple education performance markers across the time. This
would allow the development of a big dataset, where
application of Artificial Intelligence (AI) principles, will
ultimately associate “mapped” curriculum modules with
quantifiable metrics. It would also permit to measure composite
inter-module interactions and therefore achieve further
harmonisation of the curriculum map. The ultimate vision of
iG4 is to identify and design a surgical portfolio tailored for
undergraduates aimed to support holistic surgical education.
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